A critical factor that influences the performance of heteroleptic copper(I) bis ( 
Introduction
The central component of a dye-sensitized solar cell (DSSC) is a coloured dye adsorbed on a semiconductor surface. In an n-type DSSC, the semiconductor is typically nanoparticulate TiO 2 (anatase) and conventional dyes are ruthenium(II) complexes [1, 2] or organic molecules [3] . In terms of sustainability and cost, it is expedient to develop dyes containing Earth-abundant metals from the first row of the d-block, e.g. copper, zinc and nickel, [4] in place of ruthenium. Of these, the most widely explored are dyes incorporating copper(I) which achieve photoconversion efficiencies (PCE) typically in the range of 2-3% [5, 6, 7, 8, 9] . Recently, an impressive PCE of 4.66% was realized by combining a heteroleptic copper(I) dye containing a sterically hindered 6,6'-dimesityl-2,2'-bipyridine-4,4'-dicarboxylic acid anchoring ligand and a 2,2'-bipyridine ancillary ligand bearing peripheral triphenylamino domains with the co-adsorbant chenodeoxycholic acid (cheno) [10] .
In contrast to the strategy of the Odobel group in which heteroleptic copper (I) dyes are synthesised by the HETPHEN approach and subsequently anchored to the 
DSSC fabrication
DSSCs were prepared following a similar procedure to that detailed by Grätzel and coworkers [19, 20] . Solaronix Test Cell Titania Electrodes were used for the photoanodes.
These electrodes were washed with EtOH and sintered at 450 o C for 30 min, cooled to and 1-butyl-3-methylimidazolinium iodide (0.6 mol dm -3 ) in 3-methoxypropionitrile. The hole in the counter electrode was sealed using hot-melt sealing foil (Solaronix Test Cell Sealings) and a cover glass (Solaronix Test Cell Caps).
DSSC and external quantum efficiency (EQE) measurements
The solar cell measurements and testing protocol was performed using fully masked cells.
A black coloured copper sheet was used for masking with a single aperture of average area 0.06012 cm 2 (standard deviation of 1%) placed over the dye-sensitized TiO 2 circle.
The area of the aperture in the mask was smaller than the active area of the TiO 2 (0.36 5 cm 2 ). For complete masking, tape was also applied over the edges and rear of cell.
Measurements were made by irradiating from behind using as a light source a SolarSim 150 instrument (100 mW cm -2 = 1 sun). The power of the simulated light was calibrated by using a silicon reference cell.
The external quantum efficiency (EQE) measurements were performed on a SpeQuest quantum efficiency setup from Rera Systems (Netherlands) equipped with a 100 W halogen lamp (QTH) and a lambda 300 grating monochromator from Lot Oriel. The monochromatic light was modulated to 3Hz using a chopper wheel from ThorLabs. The cell response was amplified with a large dynamic range IV converter from CVI Melles
Griot and then measured with a SR830 DSP Lock-In amplifier from Stanford Research.
Results and discussion

J-V characteristics and efficiencies of DSSCs using different concentrations of [Cu(2) 2 ][PF 6 ]
The strategy shown in Scheme 1 was used to assemble the heteroleptic copper(I) dye DSSCs [21] were fabricated along with a reference DSSC containing standard dye N719 (Scheme 2). Measurements were made on the day of sealing the cells (day 0), and one, two and three days afterwards, and the performance data of the DSSCs are summarized in Table 1 . The final column in Table 1 gives a relative efficiency with respect to N719 set to an arbitrary 100% [22] . The trends in the overall efficiencies (η) are summarized in Figure 1 . Figure 2 shows the J-V curves for the DSSCs; all DSSCs exhibit good fill factors of 72-74%. 
EQE spectra
The EQE spectra in Figure 4 represent the evolution in J SC over time. All cells exhibit a similar curve shape with a λ max = 470 nm. On the day of DSSC fabrication, the highest and lowest EQEs (≈25% and 15%) were obtained for the devices prepared using the most dilute (0.1 mM) and most concentrated (2.0 mM) solutions of [Cu (2) 
